Selenoproteins that contain selenocysteine (Sec) are found in all kingdoms of life.
Introduction
by O-phosphoseryl-transfer tRNA Sec kinase (PSTK) and then catalyzed by Sec synthase (SecS) to according to [26] ), except for M. neglectum, all other sequenced genomes encode the full Sec 112 machinery and contain selenoproteins, although their number is considerably lower than in the 113 Mamiellophyceae ( Figure 1 ) supporting a previous report [5] . The number of selenoproteins among 114 Chlorophyta is variable; very low numbers were encountered in Chlamydomonas eustigma and 115 Coccomyxa subellipsoidea, the first isolated from acid mine drainage with very high sulfate content (and 116 in this aspect resembling the cyanidiophyte Galdieria sulphuraria which also only has a few 117 selenoproteins, Figure 1) , the latter exclusively occurring in subaerial habitats (damp rocks and stones, 118 [27] ). Figure S2) , and their SECIS elements were identified in the 6-kb downstream of their 122 putative stop codons by SECISearch3 [21, 28] . There are some predicted selenoproteins that did not 123 predict SECIS elements in the downstream region, especially in Mamiellophyceae, e.g. Bathycoccus 124 prasinos, which may be because of lineage-specific characteristics or incomplete assembly [28] . The 125 presence of selenoproteins in each assembled genome agrees with the intactness of the Sec machinery.
126
In the rhodophyte clade that lacks the machinery or in the algae that miss one of the components, 127 none of the known selenoproteins and SECIS elements were found in their genomes (except for C. Table S2 ). The sec machinery was completely absent from hornworts with no Sec 145 incorporation machinery enzyme and selenoproteins. In liverworts and mosses, only a few 146 selenoproteins were detected (2 and 1 respectively), and only a few enzymes of the Sec machinery 147 were randomly distributed (in no bryophyte species were more than two of the five components of 148 the Sec machinery detected: PSTK and SecS were absent in hornworts and eEFsec and SPS were 149 absent in mosses) ( Supplementary Table S2 ). In vascular plants, the Sec machinery was absent in all 150 transcriptomes of all plants and no selenoproteins were detected ( Supplementary Table S2 ). In the 151 sister group of embryophytes, the Zygnematophyceae, enzymes of the Sec machinery were more 152 widely distributed compared to bryophytes ( Supplementary Table S2 Table S3 ). Figure S2 ) is essential for these species to perform the repair of peptides. Another
224
Sec-containing oxidoreductase (FrnE) is present in the Mamiellophyceae and in M. viride but not in 225 any other Archaeplastida genome sequenced ( Figure 2d ). FrnE is a cadmium-inducible protein that 226 is characterized as a disulfide isomerase having a role in oxidative stress tolerance. Therefore, it also 227 supports the above hypothesis that Mamiellophyceae and M. viride (or perhaps scaly green algae, in 228 general) need these enzymes to cope with stronger oxidative stress. In this context, it is interesting to 229 note that in the bloom-forming pelagophyte alga A. anophagerfferens, which has the second largest It has been hypothesized that the Sec machinery and selenoproteins were lost in Viridiplantae 240 upon transfer from an aquatic to a terrestrial environment perhaps related to the paucity of a suitable 241 chemical species of selenium (i.e. selenite) in most terrestrial environments [7, 9, 20, [36] [37] [38] 40] . The
242
results presented here support this notion and further suggest that the Sec machinery was lost in the 243 common ancestor of embryophytes as all extant embryophytes lack this machinery in their genomes
244
( Figure 1 ). The few enzymes of this machinery that were detected in the transcriptomes of some 245 liverworts and mosses ( Supplementary Table S2 Table S4 ). In Trebouxiophyceae (Supplementary Figure S2 ). However, it is still unclear why Trebouxiophyceae and Ulvophyceae genome assemblies was assessed by BUSCO 3.0.2 with eukaryote gene database [47] . The results were 322 listed in the Supplementary Table S1B . We also counted the usage of stop codons for the single-copy 323 genes. The results were shown in Supplementary Figure S1 ( Supplementary Table S1B ).
324 5.2 Sec incorporation machinery.
325
The genome sequences were searched for the Sec incorporation machinery by the Selenoprofiles 326 pipeline (version 3.0, http://big.crg.cat/services/selenoprofiles) with the parameter "-p machinery" 327 [21, 48] . Firstly, we ran the pipeline with profile-based Sec machinery. To reduce the incomplete gene 328 sequence mistakes, the blastp version 2.6.0+ (e-value <10 -5 ) was used against the predicted genes as in a 329 special algae database to detect Sec machinery. In addition, transcriptome data were also searched using 330 the same methods. First, the nucleic acid sequences were searched by Selenoprofiles, and then subjected 331 to blastp (e-value <10 -5 ) with the predicted algae-specific Sec machinery database. In phylogenetic analysis, each candidate was searched by Selenoprofiles and blastp version 2.6.0+
344
[44] to detect more candidates (e-value < 1 × 10−5 Plant Physiol 1988 , 86, 192-199, doi:10.1104 
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